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HematopoiesisC1q, the immunological functions of other C1q family members have remained
unclear. Here we describe zebraﬁsh C1q-like, whose transcription and translation display a uniform
distribution in early embryos, and are restricted to mid-hind brain and eye in later embryos. In vitro studies
showed that C1q-like could inhibit the apoptosis induced by ActD and CHX in EPC cells, through repressing
caspase 3/9 activities. Moreover, its physiological roles were studied by morpholino-mediated knockdown in
zebraﬁsh embryogenesis. In comparison with control embryos, the C1q-like knockdown embryos display
obvious defects in the head and craniofacial development mediated through p53-induced apoptosis, which
was conﬁrmed by the in vitro transcribed C1q-like mRNA or p53 MO co-injection. TUNEL assays revealed
extensive cell death, and caspase 3/9 activity measurement also revealed about two folds increase in C1q-like
morphant embryos, which was inhibited by p53 MO co-injection. Real-time quantitative PCR showed the up-
regulation expression of several apoptosis regulators such as p53, mdm2, p21, Bax and caspase 3, and down-
regulation expression of hbae1 in the C1q-like morphant embryos. Knockdown of C1q-like in zebraﬁsh
embryos decreased hemoglobin production and impaired the organization of mesencephalic vein and other
brain blood vessels. Interestingly, exposure of zebraﬁsh embryos to UV resulted in an increase in mRNA
expression of C1q-like, whereas over-expression of C1q-like was not enough resist to the damage.
Furthermore, C1q-like transcription was up-regulated in response to pathogen Aeromonas hydrophila, and
embryo survival signiﬁcantly decreased in the C1q-like morphants after exposure to the bacteria. The data
suggested that C1q-like might play an antiapoptotic and protective role in inhibiting p53-dependent and
caspase 3/9-mediated apoptosis during embryogenesis, especially in the brain development, and C1q-like
should be a novel regulator of cell survival during zebraﬁsh embryogenesis.
© 2008 Elsevier Inc. All rights reserved.IntroductionSpeciﬁc surveillance mechanisms have been demonstrated to
operate in somatic tissues to remove damaged cells either by inducing
permanent cell-cycle arrest (Linke et al., 1996; Wahl et al., 1997) or by
inducing apoptosis (Morgan and Kastan, 1997). Many antiapoptotic
factors associated with cell proliferation regulation, such as Bcl-2
(Gross et al., 1999), Flice-inhibitory protein (FLIP) (Irmler et al., 1997),
inhibitors of apoptosis (IAPs) (Salvesen and Duckett, 2002) and
survivin (Ambrosini et al., 1997), were identiﬁed from mammals, but
the studies were mainly based on the mammalian cell lines. Recently,
the relationship between apoptosis and cell proliferation has been
also characterized in zebraﬁsh (Danio rerio) embryogenesis, and
several genes required for cell survival have been identiﬁed fromhinese Academy of Sciences,
l rights reserved.zebraﬁsh (Nowak and Hammerschmidt, 2006; Ryu et al., 2005;
Shepard et al., 2005; Stanton et al., 2006). Furthermore, mutating or
knocking out/down these survival factors lead to cell-cycle arrest,
apoptosis increase and carcinogenesis. And, zebraﬁsh genome has
been revealed to contain numerous genes that mediate apoptosis and
inﬂammation (Aravind et al., 2001; Inohara and Nunez, 2000). Thus,
studying the apoptosis-mediated genes during zebraﬁsh development
will provide insight into the mechanisms that mediate apoptosis and
cell survival.
Complement 1q (C1q) family proteins have been characterized by
presence of the globular C1q domain (gC1qD), and they and TNF
family proteins have been wholly designated ‘C1q/TNF superfamily’.
Moreover, C1q/TNF superfamily members were found to involve in
host defense, inﬂammation, apoptosis, autoimmunity, and cell
differentiation (Kishore et al., 2004). Interestingly, C1q and TNF-α
can be produced in response to infection as inducers of proin-
ﬂammatory activators (van den Berg et al., 1998) and cell-cycle arrest
(Bordin and Tan, 2001), and they can promote cell survival through
NF-κB pathway (Amanullah et al., 2003; Yamada et al., 2004).
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vascular development. For example, C1qR-like (crl) genes were found
to express in all vascular endothelial cells (Sumanas et al., 2005).
Furthermore, morpholino knockdown of C1qC (C1q, C chain)
expression resulted in embryos that had a premature return of
caudal vein blood ﬂow and failed to develop the more extended
pattern of ﬂow in the tail as compared to wild-type embryos (Pickart
et al., 2006).
To reveal the biological functions of C1q family members, we
identiﬁed a novel factor from zebraﬁsh, which shows the closest
homology with the Carassius auratus CaOC1q-like factor (Chen and
Gui, 2004), and designated it as D. rerio C1q-like. Based on its
molecular characterization, expression pattern, cellular localization
and in vitro antiapoptotic activity, we further investigated its
physiological roles in embryo development by morpholino-mediated
knockdown, and revealed extensive caspase-dependent cell death,
G2/M phase cell accumulation and hemoglobin production reduction
in the C1q-like morphant embryos. The ﬁndings implicate C1q-like as
a novel regulator of cell survival and primitive hematopoiesis during
zebraﬁsh embryogenesis.Materials and methods
Maintenance of zebraﬁsh
A breeding colony of zebraﬁsh (D. rerio) were maintained at 28.5 °C on a 14 h (hour)
light/10 h dark cycle (Westerﬁeld, 1995). All embryos were collected by natural
spawning and staged according to Kimmel et al. (1995). The ﬂk-1:GFP-transgenic
zebraﬁsh line used in this study has been described elsewhere (Zhong et al., 2006). To
block caspase activity and thereby caspase-dependent apoptosis, zebraﬁsh embryo
were treated with the membrane-permeable pan-caspase inhibitor zVAD-fmk
(Promega), as described by Li and Cornell (2007).
C1q-like cloning, antibody preparation and Western blot analysis
Zebraﬁsh cDNA clone CN174329 exhibited the closest homology with the C. auratus
gene CaOC1q-like factor (Accession number AY583317). The clone encodes a complete
open reading frame (ORF) of 621 bp. It was called C1q-like, for C1q-like factor in
zebraﬁsh. Homology comparisonwas using BCMSearch Launcher http://searchlauncher.
bcm.tmc.edu/.
The cDNA fragment coding for mature protein without signal peptide was
subcloned into pET-32a expression vector. A fusion protein was expressed in BL21
(DE3), and detected only in inclusion body. The protein was prepared and immunized
mouse as described previously (Chen and Gui, 2004). Western blot analysis was
performed using the anti-C1q-like antibody according to the previous report (Dong
et al., 2004).
Whole-mount in situ hybridization and immunohistochemistry
Embryos at different stages were collected and pre-treated and ﬁxed as described
(Chan and Cheng, 2003). Puriﬁed plasmids was linearized by selected restriction
enzymes and used as templates for in vitro transcription using T7 or Sp6 RNA
polymerase to generate DIG-labeled (Roche) sense and antisense probes. In situ
hybridization was performed as described (Chan and Cheng, 2003).
Anti-phospho-histone H3 antibody was purchased from Upstate Cell Signaling
Solutions (Charlottesville, VA, USA). Embryos were dechorionated and ﬁxed overnight in
4% PFA. Embryos were rinsed in PBS, stored in methanol at −20 °C. Then, rinsed 1×5 min
in water and 2×5 min in PBST. Embryos were blocked for 1 h by 10% NGS (normal goat
serum), and incubated overnight at 4 °C with a polyclonal anti-phospho-H3 (1:1000)
anti-C1q-like (1:500) antibody. Embryos were washed 4×5 min in PBST before addition
of secondary antibody 1:1000 in block for 2 h. Embryos were rinsed 4×10 min in PBS
and detected using BCIP/NBT staining.
Real-time quantitative PCR (Q-RT-PCR)
Total RNAs were isolated by SV RNA Isolation Reagent (Promega) from different
stages and tissues, and the concentration and quality were determined by agarose
electrophoresis and spectrophotometer. After treating with DNase I (RNase-free,
Promega), the RNAs (about 1 μg) were reverse-transcribed with MMLV (Gibco) at 37 °C
with oligo(dT)15 primer. Real-time quantitative PCR was performed by DNA Engine
Chromo 4 Real-Time System (MJ Research) with SYBR Green I Dye according to a
previous report (Dong et al., 2006). The gene-speciﬁc primers were described in
Supplementary S1. β-actin was used as internal control genes. All samples were
analyzed in triplicate and the results were expressed relative to the expression of
β-actin using the 2 (-delta delta C(T)) method (Livak and Schmittgen, 2001).Cell culture, plasmid construction and transfection
The EPC (Epithelioma papulosum cyprinid) cell line (Fijan et al., 1983) was used in
this study. Cell cultures were grown in TC-199 (Gibco) medium supplemented with 10%
fetal calf serum at 25 °C with 5% CO2. The entire open reading frame of C1q-like was
cloned into the mammalian expression vector pcDNA 3.1(+), namely pcDNA–C1q-like.
Transient transfection was performed using Lipofectamine 2000 (Invitrogen) following
manufacturer's instruction. For stable transfection, the pcDNA–C1q-like and control
pcDNA 3.1(+) empty vectors were separately transfected into EPC cells by Lipofectamine
2000, and clones were selected in medium supplemented with G418 sulfate (200 mg/ml)
(GIBCO). To conﬁrm that the plasmids had been integrated into the genomic DNA, we
analyzed these cell lines by RT-PCR and Western blot for further experiments.
Hoechst 33258 (Sigma) was used as a nuclear marker of apoptosis. After adding the
apoptosis inducer ActD and CHX, the medium was changed to a medium containing
Hoechst 33258 at a concentration of 2 mM with incubation for 20 min. After gently
washing with PBS, ﬂuorescent nuclei were observed with a Leica ﬂuorescence
microscope with a 360 nm ﬁlter for excitation and 500 nm ﬁlter for emission.
Morphology of the stained nuclei was used to determine apoptosis.
Caspase assay
Each aliquot of 20 embryos was washed once with ice-cold phosphate-buffered
saline (PBS) and lyzed in 100 mL lysis buffer (20 mM HEPES–KOH, pH 7.5, 250 mM
sucrose, 50 mM KCl, 2.5 mM MgCl2, 1 mM dithiothreitol, 1‰ CHAPS, 20 mg/ml
leupeptin, 10 mg/ml aprotinin) by passage through a 27-gauge needle. After treating
with 0.2 μg/ml ActD and 10 μg/ml CHX, cells (~1×105) were collected and lysed with
lysis buffer. The lysate was centrifuged at 10,000× g for 15 min at 4 Protein
concentrations were then determined using a Bradford assay. Caspase activity was
normalized for protein concentration of individual extract and compared with the
caspase-3/9 activity in the control sample.
Cell dissociation and ﬂuorescence-activated cell sorting (FACS) analysis
The effect of cell cycle by apoptosis inducer and morpholino injection was
quantiﬁed by assessing the DNA content of each single cell using ﬂow cytometry, as
the method described previously (Plaster et al., 2006). In brief, embryos were
anaesthetized with tricane, and heads were cut immediately. After transient storage in
PBS/1 mM EDTA on ice, heads were incubated in 500 μl papain solution (2 mg/ml
papain, 0.3 mg/ml cysteine in PBS) for 30 min. An additional 500 μl of papain solution
was added to the suspension for 30 min, with trituration through a narrow bore
pasteur pipette for 30 min on ice with continual checks under dissection microscope
for complete digestion. Cells stable transfected with pcDNA–C1q-like and pcDNA 3.1
vectors were sensitized with 0.2 μg/ml ActD and 5 μg/ml CHX for 12 h. Cells were
respectively collected and ﬁxed in 70% ethanol overnight at −20 °C. Cells were then
pelleted, washed and resuspended in PBS for 1 h containing 50 μg/ml PI and 100 μg/ml
RNase A (Sigma). Clumps of cells were removed by passing cell suspension through a
mesh with pore size of 60 μm. The single-cell suspension was then analyzed using a
FACSCalibr ﬂow cytometer (Beckman). For each sample, information on 50,000 to
100,000 events was acquired. The percentages of cells within the G0/G1, S and G2/M
phases of the cell cycle were determined by analysis using the software program
Multicycle for Window.
Antisense morpholino and mRNA microinjection
C1q-likeMO directed against the translation start codon of the C1q-likemRNA, C1q-
like ﬁve mismatch-MO and p53 MO (Gene Tools) were injected into fertilized zebraﬁsh
eggs at the one-cell stage. The morpholino sequences were as follows: C1q-like MO
(MO), 5′-CAGTACGATTTGTAACACCGCCATC-3′; C1q-like ﬁve mismatch-MO (Cont MO),
5′-CACTACCATTTCTAACAGCGCGATC-3′; p53 MO, 5′-GCGCCATTGCTTTGCAAGAATTG-3′.
For injection, MOs were at a concentration of about 5 ng each embryo. After injection,
embryos were incubated at 28.5 °C in Embryo Medium (Westerﬁeld, 1995).
C1q-like ORF and ORF losing BRLZ domain were subcloned into the pCS2+ vector for
in vitro transcription. Capped sense RNAs were synthesized using SP6 RNA polymerase
and the SP6 Cap-Scribe (Roche) after Not I digestion in pCS2+, following the
manufacturer's instructions, resuspended in water and injected at a concentration of
200 ng/μL.
Cell-death detection, Alcian blue staining and Dianisidine staining
Cell death in zebraﬁsh wholemounts was detected by terminal transferase UTP
nick end labeling (TUNEL) according to a modiﬁcation of the manufacturer's protocol
(Berghmans et al., 2005). Embryos were manually dechorionated, ﬁxed in 4% PFA (pH 7.4)
overnight, washed in PBS and stored in methanol at −20 °C. After rehydration in PBS,
containing 0.1% Tween 20 (PBT), embryos were permeabilized by digestion with
10 mg/ml proteinase K (Sigma) in PBS for 10 min. The embryos were then post-ﬁxed
for 20 min in 4% PFA in PBS and washed 5×5 min in PBT. Embryos were permeabilized
by incubation in fresh 0.1% sodium citrate in PBST (15 min, RT), followed by three
rinses in PBST (5 min each). Embryos were assayed by TUNEL by using the In Situ Cell
Death Detection Kit, AP (Roche). For further characterization of cell death, embryos
were stained with the vital dye acridine orange (AO, Sigma). Embryos were incubated
for 15–20 min in 5 μg/ml AO and in E3 medium. The specimens were washed twice for
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microscope. Fluorescence was observed immediately using a rhodamine ﬁlter set to
reveal the labeled cells undergoing apoptosis.
For Alcian Blue staining, 96 hpf embryos were ﬁxed overnight at 4 °C in 4%
paraformaldehyde and staining was performed as previously described (Wohlgemuth
et al., 2007). Embryos were dechorionated at 48 hpf and stained for 15 min in the dark
in 0.6 mg/mL O-dianisidine (Sigma), sodium acetate (0.01 M, pH 4.5), H2O2 (0.65%), and
ethanol (40%).
UV irradiation and bacterial infection
At 24 hpf, zebraﬁsh embryos were manually dechorionated. For UV treatment,
embryos were placed in culture dishes without covers and irradiated at 254 nm in a UV
cross-linker, irradiated with 100 mJ/cm2, and ﬁxed 4 h later. Experiments were
performed in triplicates with a parallel group for sampling with 20 ﬁsh per group. For
bacterial infection, zebraﬁsh embryos were exposed to pathogen bacterium A.
hydrophila (108 108 CFU/mL) by static immersion for 4 h. Exposures were performed
in triplicates with 80 embryos per group. After immersion in the bacterial suspension
for 4 h, zebraﬁsh embryos were maintained in dishes with fresh egg water for 3 days.
Fish were observed for signs of mortalities after infection for 12, 24, 48 and 72 hpi
(hours post infection).
Statistical analysis
Data are presented as mean±SD. The data was assessed by the Student's t-test. A
probability (P) of b0.05 was considered statistically signiﬁcant.Results
Molecular characterization and expression pattern of C1q-like
Database searches for CaOC1q-like factor (Genbank accession
number: AY583317) homologues revealed the closest homologous
cDNA clone (GenBank accession number: CN174329) in zebraﬁsh. As
shown in Fig. 1A, the full length cDNA encodes a single protein of 207
amino-acid residues, and has 72% identity to C. auratus CaOC1q-like
factor, 33.2% identity to Salvelinus fontinalis C1q-like, and 29.4%
identity to Oncorhynchus mykiss precerebelin-like (Fig. 1A). It contains
a conserved C1q domain and a BRLZ (basic region leucin zipper)
domain, and is therefore designated as D. rerio C1q-like. In comparison
with the known C1q family proteins in mammals, the C1q domain
sequence of C1q-like has about 30% identities to the corresponding
C1q domain in rat cerebellin-like protein and monkey cerebellin-like
protein, but the identities and similarities between complete amino-
acid sequences are lower than 15.8% and 36.3%, 8.0% and 18.3%,
respectively. The low homology implies that the zebraﬁsh C1q-like
should have novel physiological functions that are different from the
mammalian C1q family proteins.
Tissue distribution of C1q-like transcripts was detected using total
RNAs from adult liver, kidney, spleen, heart, muscle, brain, ovary and
testis by Q-RT-PCR. In contrast to ovary-speciﬁc expression of CaOC1q-
like in C. auratus (Chen and Gui, 2004), the zebraﬁsh C1q-like was
diffusely expressed in liver, brain, kidney, heart, ovary, and spleen,
although little transcript was examined in muscle and testis (Fig. 1B).
The wide existence implicates more potentially biological functions of
C1q-like in zebraﬁsh. The temporal expression pattern of C1q-like
during embryogenesis was also analyzed by Q-RT-PCR. The novel
transcription was initiated from around 30% epiboly stage, and was
kept at a basic stable level from 75% epiboly to the hatched larvae
stage (Fig. 1C).
Following this observation, the spatial distribution of C1q-likewas
examined in developing embryos by whole-mount in situ hybridiza-
tion and immunohistochemistry using DIG-labeled RNA probes and
anti-C1q-like antibody. As shown in Fig. 1D, the C1q-like transcription
and translation was ﬁrst detected around 30% epiboly embryos, and
displayed a uniform distribution in the entire blastoderm (Figs. 1D-a, b).
In tail bud embryos, C1q-like was transcribed and translated in epi-
blastic cells behind the advancing blastodermmargin (Figs.1D-c, d), but
the translation was mainly concentrated in the anterior position of the
embryo (Fig. 1D-d). By the 14-somite stage (at around 16 hpf), thetranscript signal was found along the embryonic axis (Fig. 1D-e), and
the stronger translation signal appeared in the head region (Fig. 1D-f).
By 24 hpf, the C1q-like transcript and translation signals disappeared
from the caudal half of the embryos and relatively strong signals were
observed in the brain and eye (Figs. 1D-g, h).
Antiapoptotic activity of C1q-like in vitro
C1q-like is a member of TNF/C1q superfamily, suggesting that C1q-
like might be involved in the processes of host defense and anti-
apoptosis (Kishore et al., 2004). Following this suggestion, the C1q-like
open reading frame was also cloned into expression vector pcDNA 3.1
(+), and the constructed pcDNA–C1q-like and pcDNA 3.1 vector (as
control) were respectively transfected into EPC cells to evaluate cell
growth status and the caspase-3/9 activity in vitro. After stable
transfectionwas established, cells were sensitizedwith 0.2 μg/ml ActD
and 5 μg/ml CHX for 12 h, and apoptosis was assessed by Hoechst
33258 staining method. As shown in Fig. 2A, in contrast to numerous
apoptotic nuclei in the control pcDNA 3.1 vector transfected cells
induced by ActD and CHX, signiﬁcant decrease of apoptotic nuclei
were obviously observed in the pcDNA–C1q-like transfected cells, and
the average decrease percentage was over 12% (induced by ActD) and
20% (induced by CHX) (Fig. 2B). FACS analysis further conﬁrmed the
antiapoptotic activity. As shown in Fig. 2C, the average decrease
percentages of apoptotic cells with hypodiploid DNA content were
more than 20% in the pcDNA–C1q-like transfected cells, and the
average percentages of G1 and G2 cells signiﬁcantly increased in the
pcDNA–C1q-like transfected cells compared with the control pcDNA
3.1 vector transfected cells.
Moreover, the caspase 9 and 3 activities were detected in the
pcDNA–C1q-like transfected cells and the control pcDNA 3.1 vector
transfected cells. As shown in Figs. 2D and E, the expressed C1q-like
protein in the pcDNA–C1q-like transfected cells signiﬁcantly inhibited
caspase 9 and 3 activities in comparison with the control pcDNA 3.1
vector transfected cells. Therefore, C1q-like might be an apoptotic
inhibitor via inactivation of caspases 9 and 3.
C1q-like deﬁciency causes embryonic defects
To evaluate the physiological roles of C1q-like, we undertook loss-
of-function experiments in zebraﬁsh embryogenesis by morpholino-
mediated knockdown. Firstly, the optimal delivering dose was
determined by injections of C1q-like MO in 1 ng, 5 ng and 10 ng of
concentration. In the further experiments, 5 ng was adopted as the
optimal dose, since this dose resulted in embryonic defects in most
but not all of the injected embryos. Morphologically, C1q-like knock-
down embryos looked normal until 24 hpf. In comparisonwith control
MO-injected embryos (Figs. 3A-a, b), the C1q-like knockdown embryos
displayed obvious defects at 28 hpf (Figs. 3A-c, d). Some unhealthy
dark cells andmalformedmidbrain–hindbrain boundary (MHB) in the
morphant brain were observed by microscope (Figs. 3A-c; B). Alcian
Blue staining revealed abnormal chondrogenesis in the morphant
head (Figs. 3A-b, d; B). The ceratohyal was shortened and most
ceratobranchial arches were lost (Fig. 3A-d). To verify speciﬁcity of the
embryonic defects, we performed rescue experiments inwhichwe co-
injected the C1q-like MO with the in vitro transcribed C1q-like mRNA.
Signiﬁcantly, the co-injected C1q-like mRNA rescued the embryonic
defects in the morphants (Figs. 3A-e, f; C), whereas co-injection of
C1q-like △mRNA without the BRLZ domain did not rescue the
morphant phenotype (data not shown).
Moreover, we also checked the embryonic effects of extra C1q-like
mRNA and p53 knockdown. In comparison with control embryos,
almost all corresponding embryos developed normally, indicating that
the over-expression of C1q-like or p53 MO knockdown had no effects
on embryo development (Fig. 3B). Interestingly, the brain and
craniofacial defects in the MO-injected embryos were signiﬁcantly
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the caspase inhibitor zVAD-fmk did not completely rescue the C1q-
like morphant phenotypes, but some morphant embryos changed
from severe to mild defects (Fig. 3C).
Furthermore, the translation blocking of C1q-like mRNA in the
morphants was conﬁrmed by Western blot analysis using a mouse
polyclonal antibody against the puriﬁed recombinant C1q-like protein.
As shown in Fig. 3D, the C1q-like protein was not detected in the
morphants at 28 hpf and 32 hpf, whereas a speciﬁc band of about 24
KD C1q-like was observed in the control MO-injected and mRNA
rescued embryos. The above data suggested that the C1q-like MO
should speciﬁcally block the translation of C1q-like mRNA, and that
the morphant defects should be resulted from the speciﬁc translation
blocking of C1q-like mRNA.
C1q-like deﬁciency activates p53-dependent apoptosis pathway and
increases caspase-3/9 activities
Based the antiapoptotic activity of C1q-like in transfected EPC cells,
we further observed cell survival and death status in the C1q-like
morphant embryos by AO staining and TUNEL assays. Apoptotic cells
can easily be identiﬁed owing to the optical transparency of the
embryos, and the process can be monitored in real time by AO and
TUNEL staining. In comparison with Cont MO-injected embryos
(Figs. 4A-a,b, B-a,b), the C1q-like morphant embryos underwent
extensive cell death at 28 hpf, in which more signals of death cells
especially appeared in the midbrain–hindbrain domain and caudalFig. 1. Molecular characterization and expression pattern of zebraﬁsh C1q-like. (A) Amino-
auratus (Ca), brook trout (Salvelinus fontinalis, Sf), rainbow trout (Oncorhynchus mykiss, Om), N
identical amino acids are highlighted in grey and black boxes. And the percentages of identit
(B, C) Expression of C1q-like in adult tissues (B) and embryonic development stages (C) evalua
of three separate experiments. (D) Expression pattern of zebraﬁsh C1q-like. Whole-mount
speciﬁc antisense riboprobe (a, c, e, g) and anti-C1q-like antibody (b, d, f, h) on embryos at the
panels a and b are lateral views with the animal pole toward the top. The embryos in otherregion (Figs. 4A-c,d, B-c,d). In previous studies, apoptosis during
early zebraﬁsh development was shown to be associated with acti-
vation of p53-dependent pathways (Berghmans et al., 2005; Nowak
et al., 2005; Plaster et al., 2006). In order to examine the role of p53-
mediated cell death in C1q-like deﬁcient embryos, TUNEL and AO
staining were also conducted to examine the spatial distribution of
apoptotic/necrotic cells when C1q-like mRNA and p53 MO was co-
administered with C1q-like MO at 28 hpf. The results revealed a
signiﬁcant decrease of apoptotic cells in the brain (Figs. 4A-e, f, g, h),
in the tail (Figs. 4B-e1, f1, g1, h1) and intermediate cell mass (ICM)
(Figs. 4B-e2, f2, g2, h2), and rescued the brain (Figs. 4A-e, f) and the
tail (Figs. 4B-e, f) defects. Moreover, to determine whether the
embryonic defects were just caused by caspase-mediated apoptosis,
we treated the morphant embryos with 200 nM of caspase inhibitor
zVAD-fmk (Fig. 3C). Intriguingly, the apoptotic cells were signiﬁ-
cantly reduced, but the development defects were not completely
rescued in the zVAD-fmk treated morphant embryos, because some
mild defects, such as the apoptotic cells in intermediate cell mass
(ICM) of embryo caudal region, still presented in most of the embryos
(Figs. 4A-i, j, B-i, j).
In vitro experiment revealed that C1q-like inhibited caspase 3 and 9
activities. To further demonstrate the apoptosis pathway, we
examined the relationship between the C1q-like knockdown and
caspase 3 and 9 activities. As shown in Figs. 4C and D, in comparison
with control MO embryos, about two fold increases of both caspase 3
and 9 activities were observed in the C1q-like morphant embryos.
And, C1q-like mRNA co-injection, p53 MO co-knockdown and zVAD-acid alignment of C1q-like from zebraﬁsh with putative C1q-like factor from Carassius
orway rat (Rattus norvegicus, Rn) and rhesusmonkey (Macaca mulatta, Mm). Similar and
ies and similarities were shown compared zebraﬁsh C1q-likewith other C1q-like factors.
ted by real-time PCR and normalized to beta-actin mRNA. The data represent mean±SD
RNA in situ hybridization and immunohistochemistry were performed using a C1q-like
indicated stages. The arrows indicated the signals in the anterior and head. Embryos in
panels are lateral views, with dorsal toward the top and anterior to the left.
Fig. 1 (continued).
277J. Mei et al. / Developmental Biology 319 (2008) 273–284FMK treatment could reduce caspase 3 and 9 activities in the C1q-like
morphant embryos.
Over-expression of C1q-like is not enough to resist UV-induced apoptosis
The above data suggested that C1q-like deﬁciency might activate
p53-dependent apoptosis pathway. To clarify the developmental
effects of C1q-like over-expression in zebraﬁsh embryos, we utilized
UV irradiation to trace C1q-like expression and the embryonic
phenotypes, because UV irradiation was demonstrated to be an
efﬁcient way to induce p53-dependent apoptosis in zebraﬁsh
embryos (Langheinrich et al., 2002). As shown in Fig. 5A, C1q-like
mRNA transcription was up-regulated in response to UV exposure, in
which 3 to 4 fold increases of the transcripts were detected from 2
to 8 h after UV exposure (Fig. 5A). Following this observation, in
vitro transcribed C1q-likemRNAwas injected into zebraﬁsh fertilized
eggs, and the developing embryos were also exposed to UV
irradiation. Interestingly, in comparison with normal control wild-
type embryos (Fig. 5B-a), the UV-irradiated wild-type embryos at
100 mJ/cm2 dose at 24 hpf showed numerous apoptotic cells (Fig.
5B-b). Moreover, we conﬁrmed that the UV-induced apoptosis effect
could be rescued by function loss of p53 with p53 MO (Fig. 5B-c),
but the over-expressed C1q-like embryos still presented coequal
apoptotic and death cells after exposure to UV irradiation (Fig. 5B-d).
The results imply that C1q-like is involved in UV-induced apoptosis,
but over-expression of C1q-like is not enough to resist UV-induced
apoptosis.
Cell-cycle-progression defects in the C1q-like morphant embryos
To better understand the gene regulatory network controlled by
C1q-like in zebraﬁsh, we ﬁrstly used microarrays to compare gene
expression proﬁles between C1q-like deﬁcient embryos and control
embryos. A total of 165 up-regulated genes and 441 down-regulatedgenes (Supplementary S2) were screened from the C1q-like deﬁcient
embryos, and especially, some signiﬁcantly up-regulated genes were
found to be related to p53-dependent apoptosis pathway and cell-
cycle-progression. Following this clue, we checked the expression
changes of several p53 target genes and cell-cycle-progression-related
genes by Q-RT-PCR. As shown in Fig. 6A, cell-cycle checkpoint factor
p21WAF1/CIP-1, p53, p53 regulator mdm2, apoptotic factor bax and cas-
pase 3 were obviously regulated, and the increase levels ranged from
9.1 to 2.5 folds in the C1q-likemorphant embryos in comparison with
the control embryos.
To validate the role of C1q-like and p53 in cell-cycle-progression
of zebraﬁsh embryos, the G2/M phase cells of the C1q-like morphant
embryos and control embryos were respectively recognized at
24 hpf by the phosphorylated form of histone H3 that serves as
G2/M phase marker (Hendzel et al., 1997). As shown in Fig. 6B, there
were more labeled G2/M phase cells around the brain regions of
C1q-like morphant embryos (Fig. 6B-b) than that of the control
embryos (Fig. 6B-a). And, the labeled cell number was strongly
reduced by p53 MO co-injection (Fig. 6B-c). To further conﬁrm the
above data, FACS analyses were conducted to determine the DNA
content of dissociated cells from control and morphant embryo
heads at 24 hpf. As shown in Figs. 6C and D, 5% and 10% higher
accumulation of G2/M and S phase cells were detected in the C1q-
like morphant embryos than in the control embryos, and the
phenotype could be rescued by p53 MO co-injection, suggesting that
cell-cycle-progression might be delayed or arrested in the C1q-like
deﬁciency embryos.
Suppression of hemoglobin production and brain blood vessel defects in
the C1q-like morphant embryos
Recently, several apoptosis-related genes, such as zHDR (a death
receptor gene) and Apo2L/TRAIL relatives, have been shown to
regulate primitive hematopoiesis in zebraﬁsh (Eimon et al., 2006).
Fig. 2. Antiapoptotic activity of C1q-like in EPC cells. The cells were stablely transfected with pcDNA 3.1 vector and constructed pcDNA-C1q-like vector. (A) C1q-like could inhibit
apoptosis induced by ActD and CHX. Cells were induced by ActD and CHX for 12 h, and stained with Hoechst 33258 for detection of apoptotic nuclear morphology. (B) Percentage of
apoptotic cells according to A. The data are shown as the statistical results of three independent experiments, three ﬁelds scored per condition. (C) FACS analysis of cell cycle and
apoptosis at 12 h post-stimulation with ActD and CHX. Different cell-cycle cells were calculated in representative of three experiment groups. Cells transfected with pcDNA–C1q-like
have less apoptosis andmore cell proportion in the G1 and G2 stage, compared with the pcDNA 3.1 vector transfected cells. (D, E) Activity changes caspase 9 (D) and 3 (E). The caspase
9/3 activities were measured by cleavage AFC from the substrate Ac-LEHD-AFC and Ac-DEVD-AFC. Results represent mean±SD of three separate experiments. ⁎pb0.05
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related gene hbαe1 (hemoglobin alpha embryonic-1) was signiﬁ-
cantly down-regulated in the C1q-like morphant embryos (Supple-
mentary S2). To examine the effects of C1q-like knockdown on
primitive hematopoiesis, whole in situ hybridization was performed
to analyze expression changes of early hematopoietic marker genes
in the C1q-like morphant embryos. At 24 hpf, the hematopoietic
marker genes stem cell leukemia (scl), and gata-1 were expressed
normally, whereas hbae1 expression obviously decreased in the C1q-
like morphants in comparison with the control embryos (Fig. 7A).And, the expression difference of hbae1 was further expanded at
48 hpf (Fig. 7B). Quantitative RT-PCR corroborated more than 2-fold
and 4-fold reduction of Hbαe1 expression level at 24 hpf and 48 phf
in the C1q-like morphants, whereas Scl and gata-1 expression levels
had only about 25% decline (Fig. 7C).
To characterize the hematopoietic defect, the Hb (hemoglobin) O-
dianisidine staining of blood cells at 48 hpf embryos was used to
assess the status. In comparison with strong hemoglobin staining in
control embryos (Figs. 8A-a,b), potent suppression of hemoglobin
production was observed in the C1q-like MO-injected embryos at
279J. Mei et al. / Developmental Biology 319 (2008) 273–28448 hpf (Figs. 8A-c, d), although the circulating blood ﬂow did not
obviously change in comparison with that of the control embryos
(Supplementary S3). Once again, p53 MO co-injected with C1q-like
MO could rescue hemoglobin production (Figs. 8A-e, f). Thus, the C1q-
like knockdown strongly suppressed hemoglobin production through
p53 pathway. Moreover, we also attempted to determine whether the
C1q-like knockdown caused abnormal development of blood vessels
in zebraﬁsh embryos. For this purpose, the ﬂk-1:GFP-transgenic
zebraﬁsh line was used, and development of GFP-labeled bloodFig. 3. Effect of the C1q-like knockdown on embryo development. (A) Embryo
phenotypes observed under the microscope (a, c, e) and the head phenotypes stained
with Alcian Blue (b, d, f). The arrows show the defected craniofacial phenotypes in the
C1q-like morphant. Abbreviations: cb(I–V), ﬁrst to ﬁfth ceratobranchial; ch, ceratohyal;
mk, Meckel's cartilage; pf, pectoral ﬁn; pq, palatoquandrate. Each picture represents
typical results out of three separate experiments (30 embryos in each experiment). (B,
C) The statistical data of three independent experiments on C1q-like knockdown and
C1q-like over-expression (B), as well as C1q-like mRNA rescue and p53 MO co-injection
(B). Results are represented as mean±SD of three separate experiments (60 embryos in
each experiment). ⁎pb0.05. (D) Western blot detection of C1q-like knockdown during
embryogenesis. The protein extracts from 30 embryos (28 hpf and 32 hpf) were
analyzed by Western blot using the polyclonal anti-C1q-like antibody. A band of about
24 KD was not detected in C1q-like morphants. The picture represents typical result
from three separate experiments.vessels in the live transgenic zebraﬁsh embryos was directly observed
under a ﬂuorescent microscope. In comparison with the control MO
embryos (Figs. 8B-a, d), C1q-like knockdown resulted in some head
vessel defects (Fig. 8B-b), whereas there were no obvious changes in
trunk and tail blood vessels (Fig. 8B-e). For example, incomplete
mesencephalic vein (MsV) was observed in the C1q-like morphants
(Fig. 8B-b). Once again, the p53 MO co-injection rescued the head
blood vessel defects (Fig. 8B-c). The data implied that C1q-like
knockdown affected hemoglobin production and brain blood vessel
organization through p53-dependent apoptosis pathway.
C1q-like is essential for defense and survival in response to bacterial
infection
To conﬁrm the defense function of C1q-like, we further analyzed
the expression change of C1q-like in response to bacterial infection. As
shown in Fig. 9A, C1q-like mRNA transcription was up-regulated in
response to pathogen bacterium A. hydrophila infection, in which 4 to
7 fold increases of the C1q-like transcripts were detected from 2 to 4 h
after infection. Following this observation, the normal control
embryos, the over-expressed C1q-like embryos, and the C1q-like
morphant embryos were respectively challenged at 24 hpf with the
pathogen bacterium A. hydrophila, and signiﬁcant mortality difference
was observed among them. As shown in Fig. 9B, the mortality in the
C1q-like morphant embryos was about 2 times higher than that in
the normal control embryos and the over-expressed C1q-like embryos.
The data indicates that C1q-like is essential for defense and survival in
response to bacterial infection.
Discussion
In recent years, many transcriptional target genes of p53 have been
found to be involved in p53-dependent stress responses to inhibit cell
growth either through cell-cycle arrest or apoptosis induction
(Vousden and Lu, 2002). And some genes have been shown to be
required for cell survival during zebraﬁsh embryo development
(Nowak and Hammerschmidt, 2006; Nowak et al., 2005; Ryu et al.,
2005; Shepard et al., 2005; Stanton et al., 2006). In this study, we have
identiﬁed a new C1q family member from zebraﬁsh, and found that
the C1q-like is also required for cell survival during zebraﬁsh
embryogenesis, and plays important roles in regulating brain blood
vessel organization and hematopoiesis.
C1q-like is required for speciﬁc cell survival through inhibiting
p53-mediated apoptosis
Whole-mount in situ hybridization revealed similar expression
pattern of C1q-like to caspase-3 in zebraﬁsh (Yabu et al., 2001). At
24 hpf, C1q-like is mainly located in the brain and eye (Fig. 1D-g).
Mutation or knockdown of some genes that are required for the cell
survival in the retina or hindbrain, can affect related pathways,
Fig. 4.Developmental defects and caspase 3/9 activity changes in the C1q-likeMO embryos. (A) The head phenotypes revealed by AO staining (a, c, e, g, i) and TUNEL assays (b, d, f, h, j).
The pictures are representative of at least three experiments (more than 30 embryos in each experiment). (B) The tail phenotypes revealed by AO staining (a, c, e, g, i) and TUNEL assays
(b, d, f, h, j). The picture a2–j2 showing the corresponding ampliﬁcation signals of the apoptotic cells in intermediate cell mass (ICM) region from a1–j1. (C, D) Caspase-9 (C) and 3 (D)
activity changes in the shown experiments. The activities were measured from embryos at 28 hpf by cleavage of AFC from synthetic substrate, were expressed as change in FAU/μg
protein/h. The data represent mean±SD of three separate experiments from thirty injected embryos. ⁎pb0.05.
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mans et al., 2005; Ryu et al., 2005). C1q-like knockdown also has the
same affect and causes cell death during zebraﬁsh embryo develop-ment (Figs. 4A, B). FACS analysis of the dissociated zebraﬁsh head cells
revealed an accumulation of cells in G2/M phase, suggesting that the
cell cycle was disturbed in some degree (Figs. 6C, D). Later, these cells
Fig. 5. Developmental effects of C1q-like over-expression and UV exposure on zebraﬁsh
embryo development. (A) C1q-like expression changes detected by Q-RT-PCR at
different times after the embryo exposure to UV. The ratio of C1q-like to β-actin in
untreated embryos was set to 1 in every stage, and all UV treated embryos were
normalized relative to this value. The data represent mean±SD of three separate
experiments. ⁎pb0.05 and ⁎⁎pb0.01. (B) Normal phenotype of control wild-type
embryo (a) and the UV exposed embryo phenotypes revealed by TUNEL assays in wild-
type (b), p53 MO (c) and C1q-like mRNA injected (d) embryos. Each picture represents
typical result from three experiments (more than 20 embryos in each experiment).
Fig. 6. Cell-cycle-progression defects in the C1q-like morphant embryos. (A) The up-
regulated expression changes of p21WAF1/CIP-1 (p21), p53, mdm2, bax and caspase 3
revealed by Q-RT-PCR in the C1q-like morphants. The ratio of these genes to β-actin in
control embryos was set to 1, and all C1q-like MO treated embryos were normalized
relative to this value. The date represent mean±SD of three separate experiments. (B)
The labeled G2/M phase cells of head regions in control (a), the C1q-like morphant (b)
and co-knockdowns of C1q-like and p53 (c) embryos at 24 hpf recognized with the
antibody against phosphorylated histone H3 (pH3). (C) A typical FACS analysis data of
propidium-iodide-labeled cells in control (a), the C1q-like morphant (b) and co-
knockdowns of C1q-like and p53 (c) embryos at 24 hpf. (D) The statistical data of three
independent experiments of (C). ⁎pb0.05 and ⁎⁎pb0.01.
281J. Mei et al. / Developmental Biology 319 (2008) 273–284were eliminated by apoptosis, as indicated by the high numbers of AO-
positive and TUNEL-positive cells in the head region (Fig. 4A).
Zebraﬁsh homologues to mammalian TLRs and the key TLR pathway
signaling molecules, such as zfTLR3, zfIRAK-4 and zfTRAF6, have been
demonstrated to be expressed in eye, midbrain, or hindbrain, and to
be involved in both antiviral and antibacterial immune responses
(Phelan et al., 2005). Furthermore, we have demonstrated that C1q-
like is essential for defense and survival during bacterial infections
during embryogenesis (Fig. 9). These data suggested that C1q-like
might be required for cell proliferation and survival during zebraﬁsh
embryogenesis and be an immune-related factor.
Signiﬁcantly, although there were some defects in the midbrain–
hindbrain of C1q-like morphants, most marker genes of midbrain–
hindbrain development did not have much change in the microarray
result. In situ hybridization of pax2.1, fgf8, her5, epha4a and krox-20
showed that the distributions of these genes were the same as
control (Supplementary S4). These indicated that C1q-like deﬁciency
did not affect the speciﬁcation of midbrain–hindbrain. However, we
did not observe complete rescue of morphant embryos treated with
pan-caspase inhibitor zVAD-fmk, whereas the apoptosis was
signiﬁcantly reduced (Figs. 4A, B). These results suggest that C1q-
like's function in keeping normal embryo development was not only
caspase-dependent, but also might exist some other mechanism
such as cell-cycle control and other tissue development control. Cell
death is the driving force in the morphogenesis of developing
tissues as well as a major factor in homeostasis of adult organs and
tissues (Cole and Ross, 2001). Knockdown of C1q-like directly
induces cell-cycle arrest and apoptosis in which the normal
development perturbations of brain during embryogenesis result
in malformations of other tissues. Deciphering the mechanisms that
underlie head development and apoptosis will contribute to our
understanding of normal brain development as well as neurode-
generative disorders.To date, the exact role of p53 in programmed cell death remains
controversial. Some studies have revealed that p53 is not important in
apoptotic death (Oniscu et al., 2004), while others maintained that
p53 is essential in programmed cell death (Shen and White, 2001). In
our result, p53 is important in programmed cell death during
zebraﬁsh embryo development. Apoptosis and cell-cycle arrest are
the main mechanisms during embryogenesis that is activated in
response to DNA damage or cell stress. C1q-like plays an antiapoptotic
role during normal zebraﬁsh development and contributes the UV-
Fig. 7. The effects of C1q-like knockdown on primitive hematopoiesis. (A) Whole in situ
hybridization of three hematopoietic marker genes gata-1 (a, b), scl (c, d) and hbae1 (e, f)
in control MO embryos (a, c, e) and in the C1q-likemorphant embryos (b, d, f) at 24 hpf. (B)
Whole in situ hybridization of the hematopoietic marker gene hbae1 in control MO
embryos (a, b) and in the C1q-like morphant embryos (c, d) at 48 hbf. The hybridization
experiments were performed for 3 times, and at least 30 embryos were used for each
experiment. The embryos are viewed at lateral views (a, c) and ventral views (b, d). The
arrows indicate in situ hybridization signal. (C) Q-RT-PCR analysis of the expression
changes of scl, gata-1 and hbae1 in 24 hpf and 48 hpf embryos injectedwith control MO or
C1q-like MO. Results represent mean±SD of three separate experiments. ⁎⁎pb0.01 and
⁎⁎⁎pb0.001.
Fig. 8. C1q-like MO affects the hematopoiesis and brain blood vessel organization. (A)
The embryo phenotypes stained by O-dianisidine at 48 hpf. The embryos are shown as
lateral views (a, c, e) and ventral views. (B) The effect of C1q-like MO on brain (a, b, c)
and tail (d, e, f) blood vessels in the ﬂk-1:GFP-transgenic zebraﬁsh. The blood vessels of
embryos were imaged at 48 hpf at 10×. Arrows show the mesencephalic vein (MsV).
Each picture represents typical results from three experiments (more than 20 embryos
in each experiment).
282 J. Mei et al. / Developmental Biology 319 (2008) 273–284induced apoptosis, although it can not resist the damage (Fig. 5). The
choice between G2 arrest and apoptosis is not well understood,
apoptosis is not simply a consequence of G2/M arrest but appears to
require phosphoregulatory signaling mechanisms of p53, Bak, Bcl-X,
Bcl-2, p21 and Bax expression (Fan et al., 2000; Haldar et al., 1995;
Shiah et al., 2001; Srivastava et al., 1998; Wang et al., 1999). In our
work, loss of C1q-like revealed that many cells arrested during the G2
phases of the cell cycle and underwent p53-dependen apoptosis, and
the levels of some p53 regulating gene such asmdm2 and p21WAF1/CIP-1
were also increased (Figs. 4, 6). The fact that C1q-like knockdown
embryos displayed growth retardation at G2/M phase suggested that
cell-cycle block might be the preferred mechanism to limit the
number of defective cells arising from defective mitosis (Fig. 6B).
However, co-injection of p53 MO could rescue the cell-cycle arrest,underscoring the importance that C1q-like maintains the appropriate
p53 levels. The mechanism by which p53 maintains G2 arrest has
been attributed to transcriptional induction of the p21 and gadd45
(Taylor and Stark, 2001). p21 binds directly to CDKs, including CDK1,
and inhibits them (Xiong et al., 1993). mdm-2 can bind to p53 and
inhibit p53 transcription functions that are critical for reversing p53-
mediated G1 arrest (Chen et al., 1996), and may eventually leads to
G2/M cell-cycle arrest.
Noticeably, Robu et al. (2007) have found that the off-target
effects of morpholinos are mediated through p53-induced apoptosis,
and simultaneously noted that if a cell-death phenotype caused by
knockdown can be rescued by the respective RNA/DNA construct, the
gene of interest is likely involved in cell survival (Robu et al., 2007).
In our current study, we have shown that C1q-like mRNA speciﬁcally
rescues the embryonic defects caused by the morpholino (Figs. 3
and 4). Therefore, the C1q-like is truly required for speciﬁc cell survival
during zebraﬁsh embryogenesis.
C1q-like plays an important role in regulating brain blood vessel
development and primitive hematopoiesis
Recent studies have indicated that signals produced by TNF family
members and speciﬁcally by death receptors (DR) play a central role in
Fig. 9. C1q-like is essential for defense and survival in response to bacterial infection. (A)
C1q-like expression changes detected by Q-RT-PCR at different times after the embryos
infected by the pathogen bacterium Aeromonas hydrophila at 24 hpf. The ratio of C1q-
like to β-actin in untreated embryos was set to 1 in every stage, and all infected embryos
were normalized relative to this value. The data represent mean±SD of three separate
experiments. Hpi means hours post infection. (B) At 24 hpf, the normal control wild-
type embryos, the over-expressed C1q-like embryos, and the C1q-like morphant
embryos were respectively challenged with the pathogen bacterium Aeromonas
hydrophila, and the cumulative mortality were recorded at the indicated times after
infection. The data represents mean±SD of three separate experiments. ⁎pb0.05.
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tions (DeMaria et al., 1999a,b; Rusten and Jacobsen,1995; Zamai et al.,
2000). And, several death receptors or TNF-related genes have been
revealed to regulate primitive hematopoiesis in zebraﬁsh (Eimon
et al., 2006; Kwan et al., 2006; Long et al., 2000). Interestingly,
knockdown of C1q-like, a C1q/TNF superfamily member, also
induces p53-dependent apoptosis and leads to severe reduction
of erythropoiesis at 48 hpf (Fig. 8A). And, the reduction can be
restored by inhibition of p53 expression. The data suggested that
the reduction of hemoglobin and primitive hematopoiesis might
be resulted from the p53-dependent apoptosis induced by C1q-like
knockdown. In human, the resulting activation of caspases lead to
cleavage of gata-1, an important transcription factor for erythropoiesis
(De Maria et al., 1999b). It is unclear whether similar mechanisms
might operate in the regulation of primitive hematopoiesis in zebraﬁsh
embryos. Actually, C1q-like morphants displayed a small head
compared to the control embryos (Fig. 8B), and represented brain
blood vessel defects in the small head (Figs. 3A and 8B). And,
numerous apoptotic cells were observed in midbrain–hindbrain
domain (Fig. 4A) and caudal region of the C1q-like morphants,
especially in the ICM (Fig. 4B). Once again, the blood vessel defects
in brain and apoptotic phenotype in ICM could be rescued by C1q-like
mRNA and p53 knockdown (Figs. 4A and B). Thus, C1q-like plays an
important role in regulating brain blood vessel development and
primitive hematopoiesis, which might be resulted from p53-depen-
dent apoptosis pathway.
Primitive hematopoiesis has been demonstrated to be regulated by
both cell autonomous and non-cell autonomous cues (Liao et al.,
2002). The current study revealed the regulative role of C1q-like in
primitive hematopoiesis, but no C1q-like transcript signals were
observed in the hematopoietic regions, especially in ICM (Fig. 1D).
However, the C1q-likemorphant embryos exhibited obvious apoptotic
signals in the ICM (Fig. 4B). In some mutants or morpholino-treated
zebraﬁsh embryos, the expression of some hematopoietic marker
genes, such as gata-1, gata-2 or hemoglobin, was reduced in the ICM
region, and apoptosis also appeared in the ICM (Kwan et al., 2006;Thompson et al., 1998; Yamauchi et al., 2006). Based on the data, we
suggested that the regulative role of C1q-like in primitive hematopoi-
esis might be exerted by a non-cell autonomous manner. Therefore,
one key aspect of future work will need to clarify the mechanism
underlying the non-cell autonomous manner.
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